Homocysteine (Hcy) is an intermediate product of methionine formed by its demethylation. Hcy can be metabolized via remethylation to methionine or transsulfuration to cysteine which is dependent on several enzymes and cofactors. It is deleterious to blood vessel including glomeruli. Kidney is a major organ that metabolizes Hcy. More than 80% of patients with chronic renal disease develop hyperhomocysteinemia (hHcy). Accessible data of plasma Hcy in nephritic syndrome (NS) patients are controversial with increased, decreased and unchanged values reported. In renal patients, plasma Hcy concentration can be reduced by administration of folic acid. Absolute or relative deficiencies of folate, vitamin B6, or vitamin B12 may also play a role. Therefore, plasma Hcy, folic acid, vitamin B6, and vitamin B12 in children with acute glomerulonephritis (AGN) were accessed in this study. Hcy, folic acid vitamin B12, B6 and renal function such as blood urea nitrogen (BUN), creatinine (Cr) were analyzed 12 pediatric patients with AGN and 15 age and sex matched healthy children served as controls. The results revealed that a significant increase in plasma Hcy in children with acute AGN when compared with controls. For simple regression analysis, Hcy was positively correlated with BUN, Cr, ferritin and uric acid but negatively correlated with serum glutathione. This research indicated hHcy suggests enhanced risks for inflammation and endothelial injury, which lead to kidney disease. Folic acid has also been shown to improve endothelial function, suggesting an alternative explanation for the effect of folic acid on endothelial function. Careful considerations of not only dietary measures are necessary but also folate and vitamin B supplementation for reducing hHcy in AGN need to be investigated.
Introduction
Homocysteine (Hcy) is an intermediate product of methionine formed by its demethylation. Hcy can be metabolized via remethylation to methionine or transsulfuration to cysteine which is dependent on several enzymes and cofactors. Hcy is metabolized in the liver and kidney. Both organs process the essential Hcy-metabolizing enzymes. Normal kidney plays an important role in maintaining the level of Hcy in the circulation through filtration. Hyperhomocysteinemia (hHcy) refers to an elevated circulating level of the sulfur-containing amino acid hHcy and has been shown to be a risk factor for vascular disease in the general population. Hcy level increases as renal function declines and processes to end-stage renal disease (ESRD) with the majority (>85%) of patients ultimately experiencing mind-to-moderate hHcy [1] . Numerous studies confirm the strong and strikingly consistent inverse relationship between Hcy levels and renal function over a broad range of glomerular filtration rates (60 ml to 165 ml/min). Data obtained from the United States third National Health and Nutrition Survey between [1991] [1992] [1993] [1994] showed that among adults with moderate to severe loss of renal function from creatinine clearance (Ccr) calculated from the [7] . Due to the similarity in the pathogen between atherosclerosis and glomerulosclerosis and to the similarity in the pathology between atherosclerosis and glomerulosclerosis that Hcy is an essential risk factor for atherosclerosis, it is logical to speculate that hHcy may lead to progressive kidney injury and glomerulosclerosis, and the normalization of high plasma Hcy may retard progression of chronic renal disease. Publication of plasma Hcy in chronic renal disease appeared for the first time in adults in 1979 [8] . In contrast, it appeared for the first time in children 20 years later in 1999 [9] .
In addition inflammation commonly seen in chronic kidney disease (CKD) patients has been shown to cause low plasma amino acid concentrations [10] . Therefore, in end-stage renal disease, elevated plasma Hcy concentrations could contribute to the high prevalence of cardiovascular disease and increased mortality rate [16] . HHcy at an earlier stage could also accelerate progression of chronic renal disease [17] . The present study was to not only determine Hcy concentration, vitamin B12 and folic acid in children with AGN but also determine the relationship between plasma Hcy and clinical parameter (blood pressure, proteinuria), renal function test (BUN, Cr).
Objectives
1) To determine plasma Hcy, vitamin B12 and folic acid at interval in children with AGN.
2) To determine the association between plasma Hcy and clinical parameter (blood pressure, proteinuria), renal function test (BUN, Cr), inflammation (ferritin) and antioxidant (uric acid and glutathione).
Materials and Method
Protocol was approved by the Ethics Committee of the faculty of medicine Ramathibody hospital. An informed consent had got from parents of all participants before the study was performed. The sample size was calculated based on a 80% power to detect a 30% increase of plasma Hcy in AGN with α error = 0.05, and dropout rate = 20%. The number of AGN patients = 22 and controls = 22.
The subjects in this study consisted of participants 12 pediatric patients with AGN who attended at the Paediatric Nephrology Clinic of Ramathibody Hospital, and 15 age and sex-matched healthy children who were from a school in Bangkok served as controls. Inclusion criteria was children ages up to 16 years old with acute onset of primary glomerular disease defined as sudden onset of hematuria, edema, hypertension and renal insufficiency. For exclusion criteria followed as chronic renal disease, secondary glomerular disease and patients withdraw from the study. Venous blood was taken from each subject in the morning, after an overnight fast from patients at 0, 3, 7, 28 and ≥60 days after admission. For each control a once blood sample was taken for determination of biochemical parameters. 
Statistical Analysis
Data were expressed as mean ± SD or median (minimum, maximum) depended on the type of data distribution. Unpair t-test or Mann-Whitney U test was used for comparison between two groups. Simple regression analysis was used for the relationships between continuous variables. All tests were two-tailed, and a p value of less than 0.05 was considered to be statistically significant.
Results
There were 14 AGN patients but 2 of them turned out to be SLE and they were excluded. 15 controls age and sex matched schoolchildren. The clinical characteristics of the 12 AGN patients and the 15 controls were shown in Table 1 . All AGN had poteinuria and hematuria; 9 out of 11 had increased antistreptolysin O (ASO) titer (>150 IU/ml) and decreased concentration of serum complement (C3) (<900 μg/ml). Systolic blood pressure (SBP) was higher in the patients than in the controls, but diastolic blood pressure was not different between the two groups.
Results of plasma Hcy, BUN and Cr were as in Tables 2-4 respectively. Hcy and BUN at day 0 were significantly higher in the patients than controls but concentrations of Cr at day were not different between 2 groups. In the patients group, Hcy, BUN and Cr significantly decreased with time; all decreased to normal values by day 28.
Mean value of serum vitamin B12, serum folic acid, RBC folic acid and plasma vitamin B6 were shown in Table 5 . There were no differences in serum vitamin B12 and serum folic acid at day 0 between 2 groups. The values of RBC folic acid were significantly.
The results of urine analysis (proteinuria and microscopic hematuria) were shown in Table 6 . The findings were gradual decline with time in the AGN patients.
Correlation between Hcy and clinical parameters and renal function were presented in Table 7 . Significantly positive correlations were found between plasma Hcy and respectively, SBP, DBP, proteinuria, and in particular, BUN and Cr.
Discussion
The results in this study have shown for the first time that all children with AGN had high plasma levels of Hcy and RBC folic acid, low serum levels of vitamin B6 in parallel to the values of BUN and Cr. The plasma Hcy levels increased about Table 6 . Median (min, max) of urine protein and urine RBC in AGN patients. [18] . There are controversies about the prevalence of hyperhomocysteine among nephrotic syndrome in previous studies.
These studies showed that plasma Hcy levels were either decreased [19] , equal [20] or increased [21] from an imbalance between oxidation and antioxidation. In this study, one of antioxidants, glutathione, was markedly reduced in the patients [25] . This study has also shown that both folic and vitamin B6 levels were lower in the AGN than healthy controls. These are similar findings of other studies in children [26] [27].
Reduced nutritional intakes of vitamins and possibly other micronutritents in these children may explain the decrease in serum concentration of these essential vitamins [28] . These may be indicated the adequate folate and vitamin Bs in children's diet and could be resolved by increasing vegetables and fruit consumption, both good source of folate, which will reduce homocysteine levels and increase folate levels as presented in previous study [29] . However, considering the health implications of low levels of serum folate, vitamin B12 and vitamin B6, it is important that adequate insights are gained into the import and reasons for low vitamins in patients with NS. No differences in the C677T and A1298C
MTHFR genotype deficiencies were found between the AGN and controls in this study (data not shown). The limitation that needs to be considered of data presentation in this study is the sample size.
Conclusion
Clinical important hyperhomocysteinemia and low vitamins B were demonstrated for the early in children with AGN. The concentrations of plasma Hcy paralleled with BUN and serum Cr. There were apparent associations between Hcy and oxidative stress and inflammatory markers. The results suggest that not only potential future study has the effect of folate and B vitamins therapy on hHcy levels but also has public health importance, considering the fact that cardiovascular complications are gradually becoming a common cause of death in many developing countries especially among individual with renal disease [30] .
